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Abstract 
 A series of three sediment cores were collected in Lake Tanganyika, Africa, and 
were analyzed for mercury concentrations. For all three cores, a decrease in mercury (Hg) 
levels was observed from the 1600’s (appx. 20 ng/g) until concentrations reached a 
minimum during the mid-1800’s (appx. 10 ng/g). The mid-1800’s marked a change from 
decreasing mercury levels to an increase over the following century. The core tops (circa 
2006) have concentrations greater than 70 ng/g. The onset of the rise in mercury 
concentrations coincides with the beginning of the Industrial Revolution in the mid to late 
18th century. Relationships between previously analyzed 13C values in carbonates and 
Hg concentrations suggest that the mercury levels in this system are dominated by fossil 
fuel combustion rather than other anthropogenic impacts. 
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1. Introduction 
 
 Lake Tanganyika is a thermally stratified, tropical rift lake in Africa located 
between ~3° and 9° S (Hutchinson, 1957, Langenberg et al., 2002, Verburg et al., 2003) 
(Figure 1). Lake Tanganyika is the second deepest lake in the world and is bordered by 
four countries; Tanzania, Burundi, Zambia and the Democratic Republic of the Congo 
(Hutchinson, 1957). Because Lake Tanganyika is a rift lake, it has steep sides with 
multiple shelf platforms, which make for ideal conditions to extract sediment cores 
(Rosendahl et al., 1986). These platforms allow for the accumulation of biogenic and 
abiogenic sediment that may provide a history of lake chemistry and biology (Fitzgerald 
et al., 1998). 
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Figure 1. Map showing location of Lake Tanganyika, Africa (Source: Esri, DigitalGlobe, 
GeoEye, Earthstar, Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and 
GIS USER Community). 
 
 The chemistry of the lake is currently dominated by the alkaline-rich surface 
waters from Lake Kivu, which causes the lake to be supersaturated with respect to 
carbonate (Cohen et al., 1997). This supersaturation has lead to a suite of calcium 
carbonate deposits, particularly within shallow water parts of the lake (Cohen et al., 1997; 
McManus et al., 2015). In addition to the lake’s carbonate chemistry, there is a 
chemocline at ~150 meters water depth below which the lake is anoxic. (Edmond et al., 
1993). The presence of the chemocline can foster the preservation of organic matter as 
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well as a variety of other constituents (Brucker et al., 2011). 
 Mercury is a toxin that has consistently accumulated within the environment since 
the start of the 19th century (Aaronson, 1971). When fossil fuels are combusted, mercury 
is emitted into the atmosphere (Schofield, 2008). When mercury enters the atmosphere, it 
can undergo chemical oxidation (Selin et al., 2009). This oxidation transforms primarily 
elemental mercury (gas) to inorganic mercury compounds (Schroeder et al., 1998). 
Mercury can remain in the atmosphere for over a year and the slow oxidization rate and 
subsequent removal from the atmosphere allows for global transport of mercury from its 
source area throughout the global environment (Morel et al., 1998). Inorganic mercury 
can mix with water in the atmosphere and be deposited onto the Earth’s surface via 
precipitation (Schroeder et al., 1998).  Inorganic mercury can also settle back down to the 
Earth without precipitation through gravitational settling (Wesely and Hicks, 2000). 
Inorganic mercury can then settle into nearby watersheds (Galbreath et al., 1996). When 
the inorganic mercury reaches surface water, it can be converted into various organic 
species by iron- and sulfate- reducing bacteria in the water or be released back into the 
atmosphere via volatilization (Benoit et al., 1999; Gilmour et al., 1998; Kerin et al., 2006, 
Selin et al., 2009). Approximately two thirds of the mercury in the atmosphere and 
acquatic environment are of anthropogenic origin (Morel et al., 1998). In addition to 
being found in oil and coal, mercury is also introduced into the environment by non-
anthropogenic processes such as cinnabar dissolution and volcanic emissions (Morel et 
al., 1998; Lindberg et al., 2007; Ravichandran et al., 1998). 
 The most toxic form of mercury, methlymercury, is an organic species of mercury 
created by bacteria. Methlymercury is retained more readily by organisms because it 
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takes longer for organisms to remove methlymercury than other species of mercury, 
which increases the likelihood of bioaccumulation (Krabbenhoft et al., 1995; Morel et al., 
1998). Once methlymercury is deposited or generated in lakes, it can be taken up by 
microorganisms (Morel et al., 1998). If mercury is retained in the microorganisms, it can 
then be passed on to other organisms higher up the trophic ladder (Morel et al., 1998). 
Because mercury bioaccumulates up the food chain, increased mercury levels can 
negatively affect lake ecosystems having harmful effects on higher organisms 
(Sindayigaya et al., 1994; Thomas et al., 1979).  
 Lake Tanganyika contains many fisheries that supply protein to over one million 
people in the surrounding countries (Campbell et al., 2008). A mercury concentration of 
180 ng/g is the consensus-based effect level (MacDonald et al., 2000). 486 ng/g is the 
probable effect level of mercury and concentrations greater than this are when frequently 
occurring harmful effects are expected (Smith et al., 1996; MacDonald et al., 2000). High 
levels of mercury can cause a variety of health problems once consumed by humans and 
other animals (Karimi et al., 2002). Although mercury levels in Lake Tanganyika are 
currently well below the harmful consensus-based threshold effect level (Benemariya et 
al., 1991), fossil fuels are continuously being burned and combined with other activities 
may lead to harmful mercury concentrations in the future. In addition to being found in 
oil and coal, mercury is also introduced into the environment by non-anthropogenic 
processes such as cinnabar dissolution and volcanic emissions (Morel et al., 1998; 
Lindberg et al., 2007; Ravichandran et al., 1998). 
 In this thesis, I investigate the timing and magnitude of the increase in mercury 
concentrations within Lake Tanganyika sediments. Because Hg has a dominant source 
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from fossil fuel combustion, in this thesis I also present previously published data on the 
carbon isotope composition of the carbonate minerals that are accumulating within the 
sediment package. The rationale for presenting 13C data in combination with the 
sediment Hg concentrations is that the combustion of fossil fuels has caused a rise in 
atmospheric CO2 and this anthropogenic CO2 has a low 13C (Battle et al., 2000; 
Lichtfouse et al., 2003). This anthropogenic carbon isotope signature is transferred from 
the atmosphere to aquatic systems as dissolved total CO2 and then to the precipitating 
carbonate minerals where it can be buried within the sediments. Hence, the 13C profile 
of Lake Tanganyika can provide a record of fossil fuel combustion. 
 
2. Materials and Methods 
 Sampling methods were previously discussed (Brucker et al., 2011; McManus et 
al., 2015) but will be briefly restated here. A four-position Hedrick/Marrs multicorer 
collected the sediment cores analyzed in this study. Two cores were collected at each site. 
Cores from three sites (70 m, 120 m and 332 m) will be added to previously unpublished 
data from our laboratory to provide a more complete analysis of the mercury 
concentrations over the past 200 years. Sediment ages are derived from previously 
reported sedimentation rates (McManus et al., 2015). The sedimentation rates for the 72 
m, 107 m, and 332 m cores, were 0.07 cm y-1, 0.09 cm y-1, and 0.05 cm y-1 respectively. 
Using these sedimentation rates, the depth of each sample was converted to age. 
 Mercury concentrations were measured using the HydraC II Mercury Analyzer at 
The University of Akron. Standardization was achieved by using varying amounts of the 
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standard reference material MESS3 (National Research Council Canada, from Beaufort 
Sea) to develop a standard curve.  Because the standard has a certified mercury 
concentration of 91± 9 ng/g, which is at the upper end of the concentration range 
measured in the samples, this approach allows for bracketing the sample concentrations.  
Samples were placed in tin boats that had been cleaned by baking for 15 min at 800 °C.  
Sample sizes are restricted to <0.5 g due to the size of the tin boats. Blank values of tin 
boats were measured with each run. All sample values were corrected for the blanks. 
Samples from the pre-industrial period required measuring by multiple sample additions 
to detect the low mercury concentrations. The carbonate concentration, organic carbon 
concentration, and 13C values of carbonate were taken from McManus et al (2015).  
3. Results 
3.1 72 m Core 
 Sediment carbonate concentrations of the 72 m core followed three trends from 
~1550 to ~2002 (Figure 2A). Concentrations decreased to just over 28% in ~1559 until a 
minimum of ~13.0% was reached in ~1617. Concentrations then rose from ~1617 to 
~1850 to a maximum concentration exceeding 73%. CaCO3 percentages declined to 
~40% in 2002. A rise in organic carbon (OC) percentage of the 72 m core generally 
corresponds to the decline in the percentages of the sediment CaCO3 (Figure 2B). 
Organic carbon concentrations of the 72 m core followed three trends. Concentrations 
rose from ~2.6% to a maximum of over 3.5% over the period of ~1550 to ~1633. 
Concentrations then began to decrease from ~1633 to ~1850 until a minimum of ~1.5% 
was reached. Concentrations have since risen to nearly 3.5% in 2002. 
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 A decrease from ~1850 to ~1984 is observed in the 13C of the 72 m core (Figure 
2C). During this time period, 13C falls from ~3.86‰ to ~3.51‰. 
 Mercury concentrations prior to the 19th century nearly remained constant in the 
72 m core (Figure 2D). Concentrations fluctuated slightly between 10 ng/g and 22 ng/g 
from ~1567 to 1834. An increase in concentrations is observed from ~1834 to ~1973 
when concentrations rose from values less than 11 ng/g to over 70 ng/g.
     
Figure 2. Results from the 72 m core showing (A) sediment carbonate, (B) OC, (C) carbonate 13C and (D) mercury concentration. A 3-
point running average of the data is shown as a black line. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1500
1600
1700
1800
1900
2000
0.0 20.0 40.0 60.0 80.0
Y
e
a
r
CaCO3 (%)
A
1500
1600
1700
1800
1900
2000
0.0 1.0 2.0 3.0 4.0
Y
e
a
r
OC (%)
B
1500
1600
1700
1800
1900
2000
3.00 3.50 4.00
Y
e
a
r
13C (%)
C
1500
1600
1700
1800
1900
2000
0 20 40 60 80
Y
e
a
r
Hg (ng/g)
D
1
1
 
  
3.2 120 m Core 
 
 Sediment carbonate and organic carbon concentrations in the 120 m core 
generally follow the same patterns as seen in the 72 m core (Figure 3A and 3B). However 
the core does not include sediments from years prior to 1646. Sediment CaCO3 is at a 
minimum of ~4.6% in ~1671 when it begins to rise to over 60% in ~1865 (Figure 3A). 
The rise is followed by a lowering of under 6.0% by ~1955. Organic carbon is at a 
maximum in ~1646 and lowers to a minimum of ~2.0% in ~1735 (Figure 3B). Organic 
carbon concentrations rose to ~3.5% in ~2000. 
 The 13C of the 120 m core shows two trends (Figure 3C). The first is an increase 
from ~3.54‰ to 4.09‰ from ~1666 to ~1717. A period of little variation follows the 
increase until ~1824. The second trend is a decrease from ~4.09‰ to ~3.05‰ from 
~1824 to 1987. 
 Similar to the 72 m core, the Hg concentrations before ~1824 show little variation 
in the 120 m core (Figure 3D). Concentrations are between ~10-22 ng/g from ~1666 to 
~1824. Again, a rapid rise in concentrations is observed after ~1824. Concentrations rise 
from ~12 ng/g to over 40 ng/g.
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Figure 3. Results from the 120 m core showing (A) sediment carbonate, (B) OC (C) carbonate 13C and (D) mercury concentration. A 3-
point running average of the data is shown as a black line. 
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3.3  
 
332 m Core 
 
 The sediment carbonate and the organic carbon of the 332 m generally follows the 
patterns observed in the 72 m core (Figures 4A and 4B). Sediment CaCO3 is ~10% in 
~1570 and lowers to under 4% in ~1679 (Figure 4A). Concentrations then rise to over 
60% by 1850. CaCO3 begins to fall again and reaches a minimum of ~2.3% in ~1983. 
Organic carbon again generally does the opposite of CaCO3 (Figure 4B). Concentrations 
increase from ~1593 to ~1656 from ~7.2% to ~7.7%. Organic carbon then lowers to 
~3.7% by 1850. Concentrations then rise to ~6.4% in 1983. 
 There are significant variations in 13C prior to ~1750 (Figure 4C). Prior work has 
not indicated the driver of these variations.  13C is between ~3.33‰ and ~3.9‰ between 
~1570 and ~1828. A decrease is observed from ~1824 to 1960 from ~3.79‰ to ~3.45‰. 
 Hg concentrations of the 332 m core rise from ~25 ng/g to 36 ng/g from ~1570 to 
~1656 (Figure 4D). Concentrations fall to under 17 ng/g by ~1850. Hg concentrations 
then rise to nearly 50 ng/g by ~1960.
14
  
 
Figure 4. Results from the 332 m core showing (A) sediment carbonate, (B) OC, (C) carbonate 13C and (D) mercury concentration. A 3-
point running average of the data is shown as a black line. 
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4. Discussion 
4.1 Carbonate and Organic Carbon effects on Mercury 
 In all three cores the variation in calcium carbonate (CaCO3) concentrations are 
likely related to changes in water level and the supply of alkalinity to the lake (Craig 
1974; Talbot et al., 2006; McManus et al., 2015). Consistent with this idea, the highest 
CaCO3 values are observed to coincide with the lake high stand, which occurred in ~1878 
(Alin and Cohen., 2003). Prior to the high stand, lake levels and CaCO3 values were 
lower. Organic carbon (OC) concentrations reach a low around the lake high stand in 
~1878 (McManus et al., 2015). The observed inverse relationship between organic 
carbon and CaCO3 is likely caused by dilution of the organic matter by the large 
variations in CaCO3 (McManus et al., 2015). When the organic carbon values are 
corrected for dilution with CaCO3 the concentration versus age relationships are quite 
similar (Montanya, 2016; Figure 5).   
16 
17 
 
Figure 5. Carbonate corrected organic carbon concentrations for all cores in the study. 
Generally, outside of the carbonate maximum period, organic carbon concentrations were 
generally constant at each site (from Montanya, 2016).  
 
 With reference to Hg cycling there appears to be no variation between the CaCO3 
and organic carbon distributions with mercury. When the increase in CaCO3 is occurring 
from ~1600-1850, the mercury concentrations remain relatively constant (10-25 ng/g). 
Because the CaCO3 and the corrected OC changes likely result from changes in lake level 
and lake chemistry (McManus et al., 2015), the lack of a change recorded in mercury 
concentrations implies that mercury is unaffected by these changes.  Furthermore, the 
overall lack of covariation implies that changes in the character or composition of the 
sediment have no effect on the mercury distributions in Lake Tanganyika. 
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4.2 Increases in Mercury Concentrations during the Industrial Period 
The rise in mercury concentrations coincides with the beginning of the Industrial 
Revolution, which began in the 19th century (Renberg et al., 1994).  The emission of 
mercury into the atmosphere via combustion and burning of fossil fuel is most likely the 
cause of the increase (Joensuu, 1971). As with Hg, CO2 is also released into the 
atmosphere when fossil fuels are combusted and burned (Körtzinger and Sonnerup, 
2003). This anthropogenic CO2 has a low 13C value (Körtzinger and Sonnerup., 2003). 
Close correlations between 13C values in carbonates and mercury concentrations suggest 
that the mercury levels in this system are indeed tied to fossil fuel combustion rather than 
other anthropogenic impacts (Figure 6).  
 
Figure 6. Comparison of Hg and 13C of sediment in Lake Tanganyika after ~1850. The 
black lines indicate a linear trend line. 
4.3 Other possible causes for increased mercury concentrations 
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 Deforestation in the watershed has potentially played two key roles in the 
measured changes in Lake Tanganyika sediment mercury.  First, deforestation removes 
supportive root systems from the ground, which in turn can increase erosion rates 
(Bootsma and Hecky, 1993).  Second, the trees that are removed are burned and could 
release mercury into the atmosphere, which eventually can accumulate in the soils or be 
deposited into the lake (Bootsma and Hecky, 1993).  The combined effect of enhanced 
mercury deposition and elevated erosion rates could lead to increased transport of 
mercury into the lake sediment from the surrounding watershed.  The increase in mercury 
concentrations can also be due to gold mining that occurred in the region (Taylor et al., 
2005). A large amount of gold was extracted from mines in countries surrounding Lake 
Tanganyika beginning in the 1930’s (Kuehn et al., 1990; Foster et al., 1993; Conaway et 
al., 2012).  Mercury was used as part of the mining procedure (Ikingura et al., 1996). An 
extraction process called amalgamation was used which can contaminate the air, water 
and sediments in the region with mercury (Taylor et al., 2005). Much of the mining in the 
region was unregulated which allowed for mercury contamination when the amalgam 
was burned (Taylor et al., 2005). While contamination has been recorded near these 
mining regions, a study of the fish in Lake Tanganyika showed low mercury 
concentrations which likely means mining had little lasting impact on the mercury 
concentrations in the lake (Taylor et al., 2005). It is likely that organic material in 
swamps and grasslands nearest the Rwamagasa region absorbed the mercury from the 
mining (Taylor et al., 2005). It is difficult to tell from the data if these processes had an 
impact on the mercury in the sediment in Lake Tanganyika. Increases in the 
concentration of mercury occurred around the time that gold mining and deforestation 
occurred, but the 13C of carbonates in the system indicates that the increases are mostly 
affected by the emission of fossil fuels.  
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5. Conclusion 
 
 
 Close correlations between 13C of Carbonates and mercury show that the 
burning of fossil fuels, rather than other anthropogenic affects, has led to a 
noticeable increase in mercury concentrations in Lake Tanganyika sediment since 
~1850.  Although increases in mercury were observed, concentrations have not yet 
reached the threshold effect level of 180 ng/g (MacDonald et al., 2000). If the 
mercury trend continues, serious health problems can occur in the areas near Lake 
Tanganyika that rely on fish for consumption. I project that in ~2100, the threshold 
effect level will be reached and in ~2200, the probable effect level of 486 ng/g will 
be reached if the current trends were to continue(Figure 7). Over time, mercury in 
the lake has low variability and is insensitive to changes in lake or sediment 
chemistry. 
 
Figure 7. Future projections of mercury concentration versus year of all cores. A 
logarithmic trend line with an R2 = 0.95106 was used after ~1824. 
1600
1700
1800
1900
2000
2100
2200
2300
0 100 200 300 400 500
Y
e
a
r
Hg Concentration (ng/g)
21 
 
 
 
Acknowledgements 
 
 This study was completed using the NSF grants 0518322 and 0551605 and 
help from The University of Akron Department of Geosciences. Thank you to those 
who collected the samples from Lake Tanganyika in 2006. Remarks from Dr. James 
McManus, Dr. john Peck and Dr. John Senko brought the writing together. Special 
thanks to Elaine Butcher, Annie Hartwell, Tom Quick, Bo Montanye, Natalie Murray 
and other faculty/students at The University of Akron. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
22 
 
 
References 
 
Aaronson, T., 1971, Mercury in the environment: Environment: Science and Policy for 
 Sustainable Development, v. 13, p. 16-23. 
 
Alin, S.R., and Cohen, A.S., 2003, Lake-level history of Lake Tanganyika, East Africa, 
 for the past 2500 years based on ostracode-inferred water-depth reconstruction: 
 Palaeogeography, Palaeoclimatology, Palaeoecology, v. 199, p. 31-49. 
 
Battle, M., Bender, M.L., Tans, P.P., White, J.W., Ellis, J.T., Conway, T., and Francey, 
 R.J., 2000, Global carbon sinks and their variability inferred from atmospheric O2 
 and delta13C: Science (New York, N.Y.), v. 287, p. 2467-2470, doi: 8401 [pii]. 
 
Benemariya, H., Robberecht, H., and Deelstra, H., 1991, Atomic absorption 
 spectrometric determination of zinc, copper, and selenium in fish from Lake 
 Tanganyika, Burundi, Africa: Science of the Total Environment, v. 105, p. 73-85. 
 doi:10.1016/0048-9697(91)90330-H 
 
Benoit, J., Gilmour, C., Heyes, A., Mason, R., and Miller, C., Geochemical and 
 biological controls over methylmercury production and degradation in aquatic 
 ecosystems, in ACS symposium series, , Washington, DC; American Chemical 
 Society; 1999, p. 262-297. 
 
Bootsma, H.A., and Hecky, R.E., 1993, Conservation of the African Great Lakes: a 
 limnological perspective: Conservation Biology, v. 7, p. 644-656. 
 DOI: 10.1046/j.1523-1739.1993.07030644.x 
 
Brucker, R.P., McManus, J., Svermann, S., Owens, J., Lyons, T.W., 2011. Trace 
 metalenrichments in Lake Tanganyika sediments: Controls on trace metal burial 
 in lacustrine systems. Geochimica et Cosmochimica. Vol. 75, Issue 2, 15 January   
 2011, pp 483-499. doi:10.1016/j.gca.2010.09.041 
 
Campbell, L., Verburg, P., Dixon, D., and Hecky, R., 2008, Mercury biomagnification in 
 the food web of Lake Tanganyika (Tanzania, East Africa): Science of the Total 
 Environment, v. 402, p. 184-191. doi:10.1016/j.scitotenv.2008.04.017 
 
Cohen, A.S., Talbot, M.R., Awramik, S.M., Dettman, D.L., and Abell, P., 1997, Lake 
 level and paleoenvironmental history of Lake Tanganyika, Africa, as inferred 
 from late Holocene and modern stromatolites: Geological Society of America 
 Bulletin, v. 109, p. 444-460. doi: 10.1130/0016-7606 
 
Conaway, C.H., Swarzenski, P.W., and Cohen, A.S., 2012, Recent paleorecords 
 document rising mercury contamination in Lake Tanganyika: Applied 
 Geochemistry, v. 27, p. 352-359. doi:10.1016/j.apgeochem.2011.11.005 
 
Craig, H., 1974, Lake Tanganyika geochemical and hydrographic study: 1973 expedition: 
 Scripps Institution of Oceanography. 
 
23 
Edmond, J., Stallard, R., Craig, H., Craig, V., Weiss, R., and Coulter, G., 1993, Nutrient 
 chemistry of the water column of Lake Tanganyika: Limnology and 
 Oceanography, v. 38, p. 725-738. 
 
Fitzgerald, W.F., Engstrom, D.R., Mason, R.P., Nater, E.A., 1998. The case for  
 atmospheric mercury contamination in remote areas. Environ. Sci. Technol.  
 32, 1–7.   DOI: 10.1021/es970284w 
 
Foster, R., and Piper, D., 1993, Archaean lode gold deposits in Africa: Crustal setting, 
 metallogenesis and cratonization: Ore Geology Reviews, v. 8, p. 303-347. 
 doi:10.1016/0169-1368(93)90021-P 
 
Friedli, H.R., Radke, L.F., and Lu, J.Y., 2001, Mercury in smoke from biomass fires: 
 Geophysical Research Letters, v. 28, p. 3223-3226. 
 
Galbreath, K.C., Zygarlicke, C.J., 1996. Mercury Speciation in Coal Combustion and 
 Gasification Flue Gases. Environ. Sci. Technol., 1996, 30 (8), pp 2421–2426. 
 DOI: 10.1021/es950935t 
 
Gilmour, C.C., Riedel, G., Ederington, M., Bell, J., Gill, G., and Stordal., M., 1998, 
 Methylmercury concentrations and production rates across a trophic gradient in 
 the northern Everglades: Biogeochemistry, v. 40, p. 327-345. 
 
Hutchinson, G.E., 1957, A Treatise On Limnolgy. Vol: 1. 
 
Ikingura, J., and Akagi, H., 1996, Monitoring of fish and human exposure to mercury due 
 to gold mining in the Lake Victoria goldfields, Tanzania: Science of the Total 
 Environment, v. 191, p. 59-68. doi:10.1016/0048-9697(96)05178-9 
 
Joensuu, O.I., 1971, Fossil fuels as a source of mercury pollution: Science (New York, 
 N.Y.), v. 172, p. 1027-1028. 
Karimi, A., Moniri, F., Nasihatkon, A.A., Zarepoor, M.J., Alborzi, A., 2002. Mercury 
 Exposure Among Residents of a Building Block in Shiraz, Iran. Environmental 
 Research, Vol. 88, Issue 1, January 2002, pp. 41-43. doi:10.1006/enrs.2001.4273 
Kerin, E.J., Gilmour, C.C., Roden, E., Suzuki, M.T., Coates, J.D., and Mason, R.P., 2006, 
 Mercury methylation by dissimilatory iron-reducing bacteria: Applied and 
 Environmental Microbiology, v. 72, p. 7919-7921, doi: AEM.01602-06 [pii]. 
Körtzinger, A., Quay, P.D., and Sonnerup, R.E., 2003, Relationship between 
 anthropogenic CO2 and the 13C Suess effect in the North Atlantic Ocean: Global 
 Biogeochemical Cycles, v. 17. 
Krabbenhoft, D.P., and Rickert, D.A., 1995, Mercury Contamination of Aquatic 
 Ecosystems. 
Kuehn, S., Ogola, J., and Sango, P., 1990, Regional setting and nature of gold 
 mineralization in Tanzania and southwest Kenya: Precambrian Research, v. 46, p. 
 71-82. doi:10.1016/0301-9268(90)90067-Z 
 
24 
Langenberg, V., Mwape, L., Tshibangu, K., Tumba, J., Koelmans, A., Roijackers, R., 
 Salonen, K., Sarvala, J., and Mölsä, H., 2002, Comparison of thermal 
 stratification, light attenuation, and chlorophyll-a dynamics between the ends of 
 Lake Tanganyika: Aquatic Ecosystem Health & Management, v. 5, p.  255-
 265. DOI:10.1080/14634980290031956 
 
Lichtfouse, E., Lichtfouse, M., and Jaffrézic, A., 2003, δ13C values of grasses as a 
 novel indicator of pollution by fossil-fuel-derived greenhouse gas CO2 in urban 
 areas: Environmental Science & Technology, v. 37, p. 87-89. 
 
Lindberg, S., Bullock, R., Ebinghaus, R., Engstrom, D., Feng, X., Fitzgerald, W., Pirrone, 
 N., Prestbo, E., and Seigneur, C., 2007, A synthesis of progress and 
 uncertainties in attributing the sources of mercury in deposition: AMBIO: A 
 Journal of the Human Environment, v. 36, p. 19-33. 
 
MacDonald, D.D., Ingersoll, C.G., Berger, T.A., 2000. Development and Evaluation of 
 Consenus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Arch. 
 Environ. Contam. Toxicol. 39, 20–31 (2000). DOI: 10.1007/s002440010075  
McManus, J., Severmann, S., Cohen, A.S., McKay, J.L., Montanye, B.R., Hartwell, 
 A.M.,  Brucker, R.L., and Wheatcroft, R., 2015, The sedimentary response to a 
 rapid change in lake level in Lake Tanganyika: Palaeogeography, 
 Palaeoclimatology, Palaeoecology, v. 440, p. 647-658. 
Montanye, B., 2016, Changes in Biological Production and Lake Chemistry in Lake 
 Tanganyika Over the Past 400 Years. 
Morel, F.M., Kraepiel, A.M., and Amyot, M., 1998, The chemical cycle and 
 bioaccumulation of mercury: Annual Review of Ecology and Systematics, p. 543-
 566. 
Ravichandran, M., Aiken, G.R., Reddy, M.M., and Ryan, J.N., 1998, Enhanced 
 dissolution of cinnabar (mercuric sulfide) by dissolved organic matter isolated 
 from the Florida Everglades: Environmental Science & Technology, v. 32, p. 
 3305-3311. 
 
Renberg, I., Persson, M.W., Emteryd, O., 1994. Pre-industrial atmospheric lead 
 contamination detected in Swedish lake sediments. Nature 368, pp. 323-326. 
 doi:10.1038/368323a0 
 
Rosendahl, B.R., Reynolds, D.J., Lorber, P.M., Burgess, C.F., McGill, J., Scott, D., 1986. 
 Structural expressions of rifting: lessons from Lake Tanganyika, Africa. Geol. 
 Soc. Lond., Spec. Publ. 25, 29-43. doi:10.1144/GSL.SP.1986.025.01.04 
 
Schofield, J., 2008. Fuel-Mercury Combustion Emissions: An Important Heterogeneous 
 Mechanism and an Overall Review of its Implications. Environ. Sci. Technol. 
 DOI: 10.1021/es801440g 
 
Schroeder, W.H., and Munthe, J., 1998, Atmospheric mercury—an overview: 
 Atmospheric Environment, v. 32, p. 809-822. 
 
25 
Selin, N.E., 2009, Global biogeochemical cycling of mercury: a review: Annual Review 
 of Environment and Resources, v. 34, p. 43. 
 
Sindayigaya, E., Van Cauwenbergh, R., Robberecht, H., and Deelstra, H., 1994, Copper, 
 zinc, manganese, iron, lead, cadmium, mercury and arsenic in fish from Lake 
 Tanganyika, Burundi: Science of the Total Environment, v. 144, p. 103-115. 
 doi:10.1016/0048-9697(94)90431-6 
 
Smith, S.L., MacDonald, D.D., Keenleyside, K.A., Ingersoll, C.G., and Field, L.J., 1996, 
 A preliminary evaluation of sediment quality assessment values for freshwater 
 ecosystems: Journal of Great Lakes Research, v. 22, p. 624-638. 
 
 
Talbot, M.R., Jensen, N.B., Lærdal., T., and Filippi, M.L., 2006, Geochemical responses 
 to a major transgression in giant African lakes: Journal of Paleolimnology, v. 35, 
 p. 467-489. 
 
Taylor, H., Appleton, J., Lister, R., Smith, B., Chitamweba, D., Mkumbo, O., Machiwa, 
 J., Tesha, A., and Beinhoff, C., 2005, Environmental assessment of mercury 
 contamination from the Rwamagasa artisanal gold mining centre, Geita District, 
 Tanzania: Science of the Total Environment, v. 343, p. 111-133. 
 
Tierney, J.E., Mayes, M.T., Meyer, N., Johnson, C., Swarzenski, P.W., Cohen, A.S., and 
 Russell, J.M., 2010, Late-twentieth-century warming in Lake Tanganyika 
 unprecedented since AD 500: Nature Geoscience, v. 3, p. 422-425. 
 
Thomas, F., Mathen, C., 1979. Mercury in Fish. Central Institute of Fisheries 
 Technology, Willingdon Island, Cochin-682 029. 
 http://hdl.handle.net/123456789/205 
 
Verburg, P., 2007, The need to correct for the Suess effect in the application of δ13C in 
 sediment of autotrophic Lake Tanganyika, as a productivity proxy in the 
 Anthropocene: Journal of Paleolimnology, v. 37, p. 591-602.   
 doi: 10.1007/s10933-006-9056-z 
 
Verburg, P., Hecky, R.E., Kling, H., 2003. Ecological Consequences of a Century of 
 Warming in Lake Tanganyika. Science  25 Jul 2003:Vol. 301, Issue 5632, pp. 
 505-507. DOI: 10.1126/science.1084846 
 
Wesely, M., and Hicks, B., 2000, A review of the current status of knowledge on dry 
 deposition: Atmospheric Environment, v. 34, p. 2261-2282. 
 
 
 
 
 
 
 
 
 
26 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix 
 
Data Tables 
 
  
 
 
 
 
 
2
7
 
  
 
 
2
8
 
  
 
 
 
 
 
 
 
 
 
2
9
 
